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IMAGE DISPLAY SYSTEM, AN IMAGEL
DISPLAY METHOD, A CODING METHOD,
AND A PRINTED MATTER FOR
STEREOSCOPIC VIEWING

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an 1image display system,
an 1mage display method, a coding method, and a printed
matter for stereoscopically viewing a 2-dimensional image.

2. Description of the Related Art

There are various image display systems for displaying or
stereoscopically viewing a 3-dimensional object. Such image
display systems can be classified into two groups, one being
such as a parallax barrier system that does not require special
glasses, and the other using special glasses such as liquid
crystal shutter glasses and polarization glasses for both eyes
(for example, Patent Reference 1). Patent Reference 1 dis-
closes a system that includes

an 1mage display unit for displaying a parallax image,

a deflection control unit for controlling deflection of dis-
play directivity of the parallax image 1n sync with the parallax
image such that a horizontal single eye parallax image is
displayed, and

a headset that 1s worn by a viewing person at the head or the
tace for displaying a vertical single eye parallax image in sync
with the image display unait.
|Patent Reference 1] JPA 2000-347132 (pp. 4-7)

DESCRIPTION OF THE INVENTION

Problem(s) to be Solved by the Invention

According to the conventional technology as described
above, 1 the viewing person has to wear glasses (1.¢., for both
eyes), he/she cannot see surrounding circumstances, and
he/she cannot etficiently walk or act otherwise. Further, 1t 1s
difficult to share the same stereoscopic 1mage by two or more
persons. For example, even if the same stereoscopic image
may be viewed by the persons, one cannot tell which portion
of the image another 1s viewing. Certainly, 1t 1s possible to use
an AR technology such that the other person 1s superposed 1n
the 1mage being displayed. Nevertheless, 1t 1s difficult to
provide a feeling of reality. Further, 1f wearing the glasses 1s
not required, the viewing person has to stay at a predeter-
mined position according to the conventional technology. If
the viewing person moves from the predetermined position,
physiological sense of discomiort and unpleasantness may
arise.

SUMMARY OF THE INVENTION

The present invention provides an 1mage display system,
an 1mage display method, a coding method, and a printed
matter for stereoscopic viewing that substantially obviate one
or more of the problems caused by the limitations and disad-
vantages ol the related art.

More specifically, according to the present invention, ste-
reoscopic viewing 1s provided to a viewing person with one of
his/her eyes being kept available for viewing the external
world, and he/she can move without losing comiortable ste-
reoscopic viewing. That 1s, flexible stereoscopic viewing 1s
provided.

Features of embodiments of the present invention are set
torth 1n the description that follows, and in part will become
apparent from the description and the accompanying draw-
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2

ings, or may be learned by practice of the imnvention according
to the teachings provided in the description. Problem solu-
tions provided by an embodiment of the present invention will
berealized and attained by an 1image display system, an image
display method, a coding method, and a printed matter for
stereoscopic viewing particularly pointed out in the specifi-
cation 1n such full, clear, concise, and exact terms as to enable
a person having ordinary skill 1n the art to practice the mven-
tion.

To achieve these solutions and 1n accordance with an aspect
of the mvention, as embodied and broadly described herein,
an embodiment of the invention provides an 1image display
system, an 1mage display method, a coding method, and a
printed matter for stereoscopic viewing as follows.

Means for Solving the Problem

A pretferred embodiment of the present invention provides
an 1mage display system for stereoscopic viewing a stereo-
scopic 1mage, including:

a real 1mage presentation unit for showing a first view
image of the stereoscopic 1image as a real 1mage; and

a virtual image presentation unit for showing a second view
image ol the stereoscopic image as a virtual image, the second
view 1mage being based on the first view image;

wherein the first view 1mage 1s viewable by one eye of a
viewing person, and the second view 1image 1s viewable by the
other eye of the viewing person, which first view 1image and
second view 1mage together form the stereoscopic image.

According to an aspect of the present invention, the real
image presentation unit 1s a printed matter.

According to another aspect of the present invention, the
real image presentation unit 1s a display unit.

According to an aspect of the present invention, the virtual
image presentation umt displays the second view image, serv-
ing as the as virtual image, based on an 1image photographed
by an 1mage pick-up unit

According to another aspect of the present invention, the
virtual 1mage presentation unit includes an 1mage pick-up
unmit for taking an 1mage of a code image that indicates an
address, such as a URL, of the second view image, and

the virtual image presentation unit shows the second view
image, serving as the virtual image, stored at the address that
the code image photographed by the 1mage pick-up unit indi-
cates.

According to another aspect of the present invention, the
virtual 1mage presentation unit includes an 1mage pick-up
unit for taking an 1mage of the first view 1mage and a code
image, the code 1mage contaiming data representing differ-
ences between the first view 1mage and the second view
image, and

the virtual 1mage presentation unit generates the second
view 1mage based on the first view 1mage and the code image
that are photographed by the 1image pick-up unit, and shows
the second view 1mage as the virtual image.

According to another aspect of the present invention, the
virtual 1mage presentation unit includes an 1mage pick-up
unit for taking an 1mage of the first view 1mage and a code
image, the code 1mage containing data representing a portion
of the first view 1mage that 1s to be shown with an elevation
using parallax, and

the virtual 1image presentation unit generates the second
view 1mage based on the first view 1image and the code image
that are photographed by the 1mage pick-up unit, and shows
the second view 1mage as the virtual image.
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According to another aspect of the present invention, the
real 1mage presentation unit presents two or more first view
images corresponding to different positions as the real image,
and

the virtual 1mage presentation unit presents the second
view 1mage, serving as the virtual image, corresponding to the
first view 1mage shown by the real image presentation unit.

According to another aspect of the present invention, the
real 1image presentation unit presents the first view 1image as
the real 1mage according to a position relation between the
virtual 1image presentation unit and the real image presenta-
tion unit, and

the virtual 1image presentation unit presents the second
view 1mage as the virtual 1mage corresponding to the first
view 1mage according to the position relation between the
virtual 1mage presentation unit and the real 1mage presenta-
tion unit.

According to another aspect of the present invention, the
virtual 1mage presentation unit 1s a head wearing type single
cye display unit.

According to another aspect of the present invention, the
image display system includes a relative position determining
unit for determining a relative position between the virtual
image presentation unit and the real image presentation unait.

According to another aspect of the present ivention, the
relative position determining unit includes an 1mage pick-up
unit.

According to another aspect of the present invention, the
image display system includes a display data transforming
unit for carrying out projective transformation on display data
of the second view 1mage shown by the virtual 1mage presen-
tation unit.

According to another aspect of the present invention, the
image display system includes a display data status selecting
unit for carrying out projective transformation on display data
of the second view 1mage displayed by the virtual image
presentation unit according to an operation of the viewing,
person, and for the viewing person to select a state of the
display data.

According to another aspect of the present invention, the
image display system includes a relative position determining
unit for determining a relative position between the virtual
image presentation unit and the real image presentation unit,
and a display data automatic transformation umt for auto-
matically carrying out the projective transformation on the
display data of the second view 1mage shown by the virtual
image presentation unit based on mnformation about the selec-
tion of the user by the display data status selecting unit and
based on the relative position.

The embodiment of the present invention further provides

an 1mage display method for stereoscopic viewing a ste-
reoscopic 1mage, including:

using a real image presentation unit for showing a first view
image of the stereoscopic image as a real image, and

using a virtual image presentation unit for showing a sec-
ond view 1mage of the stereoscopic image as a virtual 1image,
the second view 1mage being based on the first view 1image;

wherein the first view 1mage, when viewed by one eye of a
viewing person, and the second view 1image, when viewed by
the other eye of the viewing person, together form the stereo-
SCOPIC 1mage.

According to an aspect of the present invention, the 1mage
display method includes

a step ol generating a code 1mage that contains coded
information about a relative position and relative size
between the code 1image and the stereoscopic image, the code
image being appended to the stereoscopic image.
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An aspect of the present invention provides a printed matter
for stereoscopic viewing, on which printed matter a first view
image in consideration of parallax with reference to a second
view 1mage 1s printed, comprising;

a code 1mage being printed on the printed matter, the code
image indicating an address of the second view 1image.

Another aspect of the present invention provides the
printed matter for stereoscopic viewing wherein the code
image contains data representing differences between the first
view 1mage and the second view 1image.

Another aspect of the present invention provides the
printed matter for stereoscopic viewing wherein the code
image contains data expressing a portion of the first view
image, which portion i1s viewed with an elevation by parallax
by moving the portion in the virtual 1mage.

Another aspect of the present invention provides the
printed matter for stereoscopic viewing, wherein the code
image contains data expressing a portion of the first view
image, which portion 1s viewed with an elevation by parallax
by moving the portion in the virtual image.

Eftect of the Invention

According to one or more embodiments of the present
invention, tlexible stereoscopic viewing is obtained, the view-

ing person being capable of seeing the external world by one
of the two eyes, and individual physical differences being
adjusted.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an image display system
according to a first embodiment of the present invention;

FIG. 2 1s a schematic diagram for describing an operation
of a head mount display;

FIG. 3 1s a schematic diagram of images viewed by each of
the eyes;

FIG. 4 1s a flowchart of a process according to the first
embodiment;

FIG. § 1s a block diagram of the image display system
according to a second embodiment of the present invention;

FIG. 6 1s a flowchart of a process according to the second
embodiment;

FIG. 7 1s a schematic diagram showing a stereoscopic
image printed on paper;

FIG. 8 gives pixel maps showing a difference image
obtained from a stereoscopic 1image (for the right eye) and a
stereoscopic 1mage (for the left eye);

FIG. 9 1s a flowchart of a process according to the second
embodiment;

FIG. 10 gives data maps showing a superposed image
obtained from a first frame and a second frame;

FIG. 11 1s a schematic diagram showing a position of the
superposed 1mage;

FIG. 12 1s a flowchart of a process according to the third
embodiment of the present invention;

FIG. 13 15 a schematic diagram explaining printing a map
on the paper;

FIG. 14 1s a flowchart of a process according to the third
embodiment;

FIG. 15 15 a block diagram of the image display system
according to the fourth embodiment of the present invention;

FIG. 16 1s a schematic diagram showing a position of the
viewing person according to the fourth embodiment;

FIG. 17 1s a flowchart of a process according to the fourth
embodiment;
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FIG. 18 15 a block diagram of the image display system
according to the fifth embodiment of the present invention;

FI1G. 19 1s a schematic diagram of a display that includes an
ultrasonic microphone;

FIG. 20 1s a flowchart of a process according to the fifth
embodiment; and

FIG. 21 1s a schematic diagram showing a correspondence
between an actual space (a) and a virtual space (b).

DESCRIPTION OF THE PR
EMBODIMENTS

L1

FERRED

In the following, embodiments of the present invention are
described with reference to the accompanying drawings.

First Embodiment

In the following, the first of embodiments that realize one
or aspects of the present invention i1s described with reference
to FI1G. 1 through FIG. 4. An image display system, an image
display method, and a printed matter for stereoscopic viewing
according to the first embodiment are described, whereby a
viewing person obtains flexible stereoscopic viewing with
one of his/her eyes being available for seeing the external
world. According to the first embodiment, a first view 1mage
and a second view 1mage are prepared, considering parallax.
Then, the first view 1mage 1s printed on paper (printed matter
for stereoscopic viewing) to be viewed with one eye, and the
second 1mage 1s displayed by a head mount display to be
viewed by the other eye. More specifically, a 2-dimensional
code representing 1dentification information of the first view
image data 1s printed on the paper (printed matter for stereo-
scopic viewing) 1n addition to the first view 1mage that rep-
resents a real image. The first view 1mage on the printed
matter for stereoscopic viewing 1s seen by one eye of the
viewing person. The second view image 1s provided by a
server based on the identification information specified by the
2-dimensional code, 1s displayed by the head mount display,
and 1s viewed by the other eye of the viewing person. In this
way, the stereoscopic viewing 1s made possible. That 1s, the
printed matter for stereoscopic viewing constitutes a real
image presentation unit according to the present embodi-
ment. Further, the head mount display constitutes a virtual
image presentation unit. In this specification, an 1image that
can be seen without using a virtual image presentation unit 1s
called a real image, and an 1mage displayed by the virtual
image presentation unit 1s called a virtual image.

As shown 1n FI1G. 1, the head mount display 1s called HMD
20, and 1includes a control unit 21 and a display unit 22 that 1s
connected to the control unit 21. The control unit 21 includes
a display content change unit 23, a 2-dimensional code rec-
ognition unit 24, and an image downloading unit 25. The
control unit 21 includes CPU, RAM, and ROM (not 1llus-
trated), and performs a process that 1s described below. The
display content change unit 23, the 2-dimensional code rec-
ognition unit 24, and the image downloading unit 25 of the
control unit 21 carry out functions according to a program for
the process.

The display content change unit 23 adjusts an 1mage dis-
played on the display unit 22 by carrying out projective trans-
formation (a rotational conversion, and a parallel conversion)
of the image according to an operation of an input interface 28
by the viewing person. That 1s, the display content change
unit 23 functions as a display data deformation unit and a
display data status selection unit.

The 2-dimensional code recognition unit 24 determines
whether there 1s 1dentification information 1n an 1mage that
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has been photographed with an image pick-up unit such as a
camera 29. If the determination 1s affirmative, the 2-dimen-
sional code recognition umt 24 directs the image download-
ing unit 25 to start processing.

Then, the image downloading unit 25 downloads a stereo
(virtual) 1image 1dentified by the i1dentification information
from a server 30, and displays the stereo (virtual) image on the
display unit 22.

The display unit 22 1s for displaying information processed
by the control unit 21.

Further, the control unit 21 1s connected to the camera 29
that takes an 1image of the paper 40 (refer to FIG. 2) through
a lens. The camera 29 1s arranged in a position such that an
image pick-up plane thereof 1s 1n parallel with the display unit
22, and the center of the optical axis thereof 1s 1n agreement
with the center of the display unit 22. The image taken by the
camera 29 1s provided to the control unit 21.

Further, the control unit 21 1s connected to the input inter-
face 28. The input interface 28 includes a pointing device,
such as a mouse, for adjusting an 1mage displayed on the
display unit 22.

Here, the HMD 20 1s connected to the server 30 by a cable
and/or radio. The server 30 includes CPU, RAM, ROM (not
illustrated), a stereoscopic image data storage unit 31, and a
communicating unit (not illustrated).

The stereoscopic 1image data storage unit 31 stores stereo-
scopic image data 310. When an image for stereoscopic view-
ing 1s specified, the stereoscopic image data 310 are generated
and recorded on the paper 40 (FIG. 2). The stereoscopic
image data 310 include data about identification information,
a stereoscopic 1image (right), and a stereoscopic image (left).

Data for specitying a stereoscopic image are recorded 1n an
identification information data area. The i1dentification infor-
mation 1s included 1n the 2-dimensional code 42 (refer to FIG.
2) printed on the paper 40.

Data of a stereoscopic image that 1s displayed when the
HMD 20 1s worn by the right eye are stored 1n a stereoscopic
image data area (right). Such data are used for stereoscopic
viewing when the printed stereoscopic image 41 1s viewed by
the left eye, which 1n this example does not wear the HMD. In
this way, stereoscopic viewing 1s made possible. In other
words, when the HMD 20 1s worn by the right eye, the
viewing person sees the stereoscopic image displayed on the
display unit 22 of the HMD 20 with the right eye, while seeing
the stereoscopic image 41 (FI1G. 2) on the paper 40 with the
left eye. In this way, stereoscopic viewing 1s made possible.

Similarly, stereoscopic image data that are displayed when
the HMD 201s worn by the left eye are stored 1n a stereoscopic
image data area (left). In such case, the printed stereoscopic
image 41 1s viewed by the right eye, and stereoscopic viewing
1s made possible. In other words, when the HMD 20 1s worn
by the left eye, the viewing person sees the stereoscopic
image displayed on the display unit 22 of the HMD 20 waith
the lett eye, while seeing the stereoscopic image 41 (FIG. 2)
on the paper 40 with the right eye. In this way, stereoscopic
viewing 1s made possible.

The viewing person wears the HMD 20 such that the dis-
play unit 22 1s located 1n front of one of the eyes, as shown 1n
FIG. 2, and sees the stereoscopic image 41 on the paper 40
with the other eye. Here, on the paper 40, the stereoscopic
image 41 and the 2-dimensional code 42 are printed.

Next, descriptions about a method of stereoscopic viewing,
1.€., the 1mages to be seen by the left eye and the right eye,
according to the present embodiment follow with reference to
FIG. 3. An actual relative position 45 1s shown i FIG. 3,
wherein a viewing target 1s an apple and an orange placed on
a table, and the viewing person stands on the right-hand side
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of the due front of the table. In this case, an 1image that the
viewing person sees by the lelt eye 1s shown by a left eye
image 46, and an 1image seen by the right eye 1s shown by a
right eye 1image 47. Here, the parallax of the image between
the left and the right eyes changes with the distance to the
viewing target.

According to the present embodiment, stereoscopic view-
ing 1s provided by seeing the stereoscopic image 41 on the
paper 40 by one eye, and seeing the image displayed on the
display unit 22 of the HMD 20 by the other eye. For example,
if the HMD 20 1s worn for the left eye, the right eye sees the
right eye image 47 serving as the stereoscopic image 41 on the
paper 40, and the left eye sees the left eye image 46 displayed
on the display unit 22 of the HMD 20.

An exemplary process of performing a stereoscopic view-
ing using the image display system 1s described with refer-
ence to F1G. 4.

First, the stereoscopic image 41, and the 2-dimensional
code 42, which contains the identification information, are
printed on the paper 40. The viewing person wears the HMD
20 for one of his/her eyes. Whether the HMD 20 1s worn for
the right eye or for the left eye 1s mput to the input interface
28, which iformation 1s stored 1n a storage unit (not 1llus-
trated) of the control unit 21. For example, 11 the HMD 20 1s
worn for the left eye, “left” 1s input, and the control unit 21
stores information indicating that the wearing position 1s
“left”.

Then, the paper 40 1s photographed with the camera 29,
while the viewing person looks at the paper 40 at the front as
shown 1n FIG. 2 (Step S1-1). The 2-dimensional code recog-
nition unit 24 of the control unit 21 reads the 2-dimensional
code 42 1n the photographed image (Step S1-2). Here, 11 the
2-dimensional code 42 1s not recogmzed, the process returns
to Step S1-1.

Then, the 2-dimensional code recognition umt 24 extracts
the 1dentification information from the 2-dimensional code
42, and provides the i1dentification information to the image
downloading unit 25; then, the image downloading unit 23
downloads a stereoscopic 1mage specified by the identifica-
tion information from the server 30 (Step S1-3). More spe-
cifically, the image downloading unit 25 transmits the 1den-
tification information read from the 2-dimensional code 42,
and the information about the wearing position, whether
“lett” or “right”, to the server 30. That 1s, 1f the information
indicating the wearing position 1s “left”, that information 1s
provided to the server 30 with the identification information.
The server 30 1dentifies stereoscopic image data 310 based on
the identification information, and the wearing position based
on the information indicating the wearing position. Then, one
ol a stereoscopic image (right) and a stereoscopic image (leit)
1s provided to the HMD 20 according to the wearing position,
whether lett or right. In the case of the present example, the
stereoscopic 1mage (left) 1s transmitted, and the display unit
22 of the HMD 20 shows the stereoscopic image (lett).

Then, the viewing person performs a display position
adjustment of the image being displayed on the HMD 20
(Step S1-4). More specifically, the viewing person operates
the 1input interface 28 for carrying out projective transforma-
tion on the image being displayed on the display unit 22 such
that positions of the stereoscopic image 41 on the paper 40
and the 1image on the display unit 22 agree. In this way, the
stereoscopic view 1s obtained.

According to an embodiment of the present invention, the
following etlects are obtained.

(1) The first and the second view 1mages are prepared
taking parallax into consideration. More specifically, the first
view 1mage 1s the stereoscopic image 41, which 1s a real
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image, printed on the paper 40 for one of the eyes to view; and
the second view 1mage 1s a virtual image displayed by the
HMD 20 for the other eye to view. In this way, stereoscopic
viewing 1s provided. Accordingly, the eye that looks at the real
image 1s not covered by the HMD 20, and the viewing person
can keep awareness of the external world, and, for example,
he/she can perform operations, and can perceive when a per-
son 1s nearby, while performing stereoscopic viewing. Fur-
ther, since the position of the 1image on the display unit 22 of
the HMD 20 can be adjusted to agree with the position of the
stereoscopic image 41 on the paper 40, stereoscopic viewing,
that 1s flexible can be provided. In this way, flexible stereo-
scopic viewing, while keeping awareness to the external
world by one of the eyes, 1s provided.

(2) The HMD 20 displays the image, which 1s a virtual

image, by the display unit 22 based on the image photo-
graphed with the camera 29. Stereoscopic viewing can be
carried out using the 2-dimensional image, which 1s a virtual
image, displayed based on the stereoscopic image 41 photo-
graphed with the camera 29.

(3) The HMD 20 reads the image of the 2-dimensional code

42 printed on the paper 40, the 2-dimensional code indicating
an address, such as a URL, of the image of the virtual image,
and displays the virtual image 1dentified by the 2-dimensional
code 42. In this way, stereoscopic viewing 1s realized by using
the data of the virtual image beforehand prepared, mitigating
a processing load.

(4) The HMD 20 for displaying the virtual image 1s a head
wearing type single eye display unit; for this reason, both
hands of the viewing person are {ree.

(5) The position of the virtual image displayed on the HMD
20 can be adjusted by carrying out projective transformation.
In this way, stereoscopic viewing 1s provided by properly
positioning the virtual image displayed on the HMD 20 to
agree with the real 1image, 1.e., the stereoscopic 1image 41 on
the paper 40.

Second Embodiment

Hereafter, a second embodiment that realizes one or more
aspects of the present invention 1s described with reference to
FIGS. 5 through 11. An 1mage display system, an 1mage
display method, a coding method, and a printed matter 65 for
stereoscopic viewing, according to the second embodiment,
are described, whereby a viewing person obtains flexible
stereoscopic viewing with one of the eyes being available for
seeing the external world. The printed matter 65 for stereo-
scopic viewing (typically, paper) carries an image (the first
view 1mage) that is a real image, and a 2-dimensional code for
generating an image (the second view 1image) to be displayed
on a head mounting display HMD 350. The first view image
placed on the printed matter 65 for stereoscopic viewing 1s
viewed by one of the eyes of the viewing person, while the
second view 1mage displayed on a display 32 of the HMD 50
1s viewed by the other eye so that stereoscopic viewing 1s
provided. Here, the second view 1mage 1s generated by pho-
tographing the first view 1mage and the 2-dimensional code
on the printed matter 65; and by carrying out the following
process. That 1s, the printed matter for stereoscopic viewing
constitutes a real image presentation unit 1n this embodiment.
Further, the HMD 350 (a single eye head mount display) con-
stitutes a virtual image presentation unit.

The printed matter 63 (printed paper) (FI1G. 7) 1s generated
by a computer executing a printed matter generating program.
Through execution of the program, an 1mage to be printed 1s
selected, contents of the 2-dimensional code are determined,
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and printing positions of one of a pair of stereoscopic 1mages
and the 2-dimensional code are determined.

Hereaftter, a process of generating the printed matter 65 for
stereoscopic viewing by the printed matter generating pro-
gram 1s described. First, the printed matter generating pro-
gram 1s started on a computer. Then, an 1image to be printed 1s
selected. More specifically, the viewing person chooses a pair
of stereoscopic images following directions displayed on the
computer (Step S2-1). The pair of stereoscopic images, which
images are beforehand stored in the computer, includes a
stereoscopic image for the rnight eye, and a stereoscopic image
for the left eye.

Next, the viewing person specifies a stereoscopic image to
be printed, 1.e., whether the stereoscopic 1image for the right
eye or for the left eye 1s to be printed 1s selected; and the
viewing person specifies a printing position (Step S2-2).
More specifically, 1f the viewing person chooses to wear the
HMD 50 for his/her right eye, the stereoscopic image for the
left eye 1s to be printed. Further, the viewing person specifies
the printing position of an 1mage area 61 for the selected
image 1n a printing area 60 displayed on the computer (FIG.
7). For example, as shown 1n FI1G. 7, the position of the image
area 61 1s specified 1n the printing area 60.

Then, a position of a 2-dimensional code area 62 for print-
ing the 2-dimensional code 1s specified (Step S2-3). More
specifically, the viewing person specifies the position of the
2-dimensional code area 62 following directions displayed on
the computer. Here, according to the present embodiment, the
2-dimensional code area 62 1s a square, which area should not
be overlapped with the image area 61. For example, the posi-
tion of the 2-dimensional code area 62 1s specified as shown
in FIG. 7.

If the position of the 2-dimensional code area 62 1s speci-
fied, the computer generates the 2-dimensional code (Step
S2-4) as described 1n detail 1n the following.

First, ratios of lengths of sides of the 2-dimensional code
area 62 and the image area 61 are determined. In the present
example, the lengths of the sides of the image area 61 are 4
times as great as the lengths of the sides of the 2-dimensional
code area 62.

Next, a position relation between the image area 61 and the
2-dimensional code area 62 1s determined. In this example,
the position relation 1s defined by a relative position of the
lower left corner of the 2-dimensional code area 62 to the
lower right corner of the image area 61 as indicated by an
arrow 1n FIG. 7. For example, the relative position of the
former can be expressed by (1, 1), where “1”, serving as a unit
length, represents the length of the side of the 2-dimensional
code area. Then, with reference to FIG. 8, differences
between a stereoscopic 1mage 70 (for the left eye 1n this
example) printed 1n the 1mage area 61 and a stereoscopic
image 71 (for the right eye) that 1s not printed 1n the 1image
area 61 are computed to generate a difference image 72. Here,
the stereoscopic image 70 represents the whole image printed
in the 1mage area 61, and the stereoscopic images 70 and 71
are constituted by 16 pixels (4 linesx4 columns). That 1s, a
very coarse 1mage 1s assumed for describing purposes.

The stereoscopic 1image 70 and the stereoscopic image 71
are expressed as 16-bitimages in FI1G. 8. Differences between
corresponding pixels of the sterecoscopic image 70 and the
stereoscopic image 71 are given by the difference image 72. A
numeric sequence 1s generated based on pixel values of the
difference 1mage 72; namely, a sequence (0, -1, 1, 0, -1, O,
-1,-2,2,4,5,4,0, -1, 0, -1) 1s generated.

The information including the ratios of the lengths of the
sides of the 2-dimensional code, the relative position, the
difference information (coded information of the differences)
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described above 1s coded into the 2-dimensional code, and a
2-dimensional code 1mage 1s generated. In the case of the
present example, the 2-dimensional code image includes
information (4,4,1,1,0,-1,1,0,-1,0,-1,-2,2, 4,5, 4,0,
-1, 0, —-1), the first two numbers representing the ratios, the
next two numbers representing the relative position, and the
rest representing the difference image 72. The 2-dimensional
code1mage 1s printed at the 2-dimensional code area 62. Here,
when the number of elements to be coded 1s great, because
finer resolution and gradation of an 1mage are required, data
compression may be carried out using for example a Huifman
encoding method and a box coding (a 2-dimensional coding)
of Longsalt Systems.

When the above process 1s completed, the viewing person
inputs printing directions to the computer such that an 1mage
that 1s similar to the image 1n the printing area 60 1s printed on
the paper 65 by a printing machine.

Next, a process of performing stereoscopic viewing using
the paper 65 1s described. First, the configuration of the image
display system according to the second embodiment is
described with reference to FIG. 5.

The head mount display HMD 50 for a single eye includes
a control unit 51 that 1s connected to the display 52. The
control unit 51 includes CPU, RAM, and ROM (not 1llus-
trated), and carries out steps described below. The control unit
51 includes a display content change unit 53, a 2-dimensional
code recognition unit 54, an 1mage restoration unit 55, and a
relative position measuring unit 56, all of which carry out
assigned functions by executing a program.

The display content change unit 53 adjusts the image dis-
played on the display 52 by performing projective transior-
mation on display data of the image based on the relative
position between the HMD 50 and the paper 65. Further, the
display content change unit 33 performs the projective trans-
formation on the display data of the image displayed on the
display 52 according to an operation by the viewing person of
an input interface 38, the viewing person selecting a state of
the display data. Further, the display content change unit 33
automatically performs the projective transformation on the
display data based on an amount of adjustment selected by the
viewing person and the relative position of the HMD 50 to the
paper 65.

The 2-dimensional code recognition unit 54 determines
whether there 1s a 2-dimensional code present 1n the 1image
that 1s photographed with the video camera 39. I1 the deter-
mination 1s affirmative, the 2-dimensional code recognition
unit 54 decodes the 2-dimensional code. The image restora-
tion unit 55 restores another stereoscopic image based on the
difference 1image information that 1s decoded and the stereo-
scopic 1mage photographed with the video camera 59.

The relative position measuring unit 56 determines the
relative position (such as distance, direction, and inclination)
between the HMD 30 and the paper 65 based on the 2-dimen-
sional code 67 photographed with the video camera 59. That
1s, the relative position 1s acquired using the 2-dimensional
code 67, the video camera 59, and the relative position mea-
suring unit 56.

The display 52 1s for displaying information processed and
output by the control unit 51.

Further, the control unit 51 1s connected to the video cam-
era 59 serving as an 1mage pick-up unit. The video camera 59
continuously takes images of the paper 65 (FI1G. 7) through a
lens. The video camera 59 1s arranged such that the photo-
graphing plane 1s parallel to the display 52, and the center of
the optical axis agrees with the center of the display 52. The
image photographed with the video camera 59 1s transmaitted
to the control unit 31.
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Further, the control unit 51 1s connected to the input inter-
face 58. The mput interface 58 includes a pointing device,

such as a mouse, for adjusting the 1image being displayed on
the display 52.

The following description is about an exemplary processof >

performing stereoscopic viewing using the image display
system, wherein FIGS. 9 through 11 are referenced.

The viewing person wears the HMD 50 like the case of the
first embodiment, and faces the paper 65. Then, the video
camera 59 takes a stereoscopic 1image 66 and the 2-dimen-
sional code 67 printed on the paper 63 (Step S3-1). The video
camera 59 transmits the photographed video image to the
control unit 531. The 2-dimensional code recognition unmit 54
ol the control unit 51 recognizes the video 1image (Step S3-2).

Here, the process carried out by the 2-dimensional code
recognition unmt 54 1s described.

The 2-dimensional code recognition unit 54 decodes the
2-dimensional code and recogmizes the stereoscopic image
66. More specifically, the perimeter of the 2-dimensional
code 67 1s first recognized from the 1mage 1n every frame
photographed with the video camera 59, and tilt 1s compen-
sated for. According to the present embodiment, the 2-dimen-
sional code 67 1s shaped square; therefore, the tilt can be
casily compensated for by recognizing four angles of the
2-dimensional code. Then, the image, for which the tilt has
been compensated for 1s superposed on a tilt compensated
superposed image 76 (FIG. 11).

The t1lt compensated superposed 1mage 76 1s described
with reference to examples given in FIG. 10, which drawing,
shows a part of a first frame 73, a part of a second frame 74,
and a part of a superposed image 75. The part of the first frame
73 1s the part of the image of the first frame photographed with
the video camera 59, to which image, the t1lt compensation
has been carried out. The part of the second frame 74 1s the
part of the image of the second frame photographed with the
video camera 59, to which image, the t1lt compensation has
been carried out. The part of the superposed image 75 1s the
part of the tilt compensated superposed image based on the
image of the first frame and the 1image of the second frame.
That 1s, each pixel of the t1lt compensated superposed image
represents a total of values of the pixels of the first through the
k-th frames.

Next, 2-dimensional code recognition i1s performed using
the t1lt compensated superposed image 76. A portion wherein
the 2-dimensional code 78 1s present 1n the tilt compensated
superposed 1mage 76 1s binarized, and the 2-dimensional
code 1s extracted. Then, the 2-dimensional code 1s decoded,
and 2-dimensional code information i1s acquired. According
to the example above, the 2-dimensional code information,
which 1s a numerical sequence o1 (4,4,1,1,0,-1,1,0, -1, 0,
-1,-2,2,4,5,4,0,-1,0, -1)1s acquired. If one of or both the
recognition of the 2-dimensional code 67 and photographing,
of the image 1s not properly performed (NO at Step S3-2), the
process returns to Step S3-1.

If the 2-dimensional code 67 1s successiully recognized
and a video 1mage 1s successiully photographed (“YES” at
Step S3-2), the stereoscopic 1mage 1s restored (Step S3-3).

More specifically, an estimated stereoscopic image area 77 1s
first obtained from the 2-dimensional code information. Here,

the values of the first, the second, the third, and the fourth
clements of the 2-dimensional code information provide the
rat1o ol the lengths of the sides of the 2-dimensional code, and
the relative position. Accordingly, the estimated stereoscopic
image area 77 relative to the position of the 2-dimensional
code (a 2-dimensional code area 78) can be determined.
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Subsequent elements of the 2-dimensional code informa-
tion, namely, the fifth, the sixth, and so on to the k-th ele-
ments, are the difference information.

According to the above example, the 2-dimensional code
includes the first to the 20th elements, wherein the difference
information 1s comprised by 16 elements, namely, from the
fifth to the 20th elements. Further, because the first and the
second elements are (4, 4), the 16 elements are determined to
configure a matrix of four linesxfour sequences.

In another example, the first and the second elements ol the
2-dimensional code information are (4, 3), and 12 elements
from the fifth to the 16th elements may be provided. Then, the
12 elements are determined to constitute a matrix of 4x3.
Further, in another example, the first and the second elements
of the 2-dimensional code information are (8, 6), and 48
clements (from the fifth to the 52nd elements) may be pro-
vided. The 48 elements represent the difference imnformation
of an 8x6 matrix. That 1s, the numerical sequence (the 2-di-
mensional code mformation) 1s a single-dimensional expres-
sion of the matrix.

Referring again to the first example, wherein the numerical
sequence 1s a single-dimensional expression of a 4x4 matrix,
the 2-dimensional code information 1s converted into the 4x4
matrix, and the difference image 72 1s restored. Further, the
estimated stereoscopic 1image area 77 1s divided into a 4x4
matrix. Then, the difference image 72 1s added to the stereo-
scopic image 70 provided in the estimated stereoscopic image
area 77, the added result being the stereoscopic image 71.

Then, projective transformation 1s carried out on the ste-
reoscopic image 71 according to the relative position between
the paper 65 and HMD 50. More specifically, the four corners
of the 2-dimensional code photographed with the video cam-
era 39 are recognized, projective transformation 1s carried out
on the 2-dimensional code 78 on the compensation super-
posed 1image 76 according to this to agree with the recognized
four corners, and projective transformation 1s similarly car-
ried out on the stereoscopic image 71 1n the estimated stereo-
scopic 1mage area 77 of the compensation superposed image
76. Then, the stereoscopic image 71, on which the projective
transformation has been carried out, 1s displayed on the dis-
play 52 of the HMD 50. Here, 11 an amount of adjustment at
the time of the completion of adjustment (described below) 1s
stored 1n a storage unit (not 1llustrated) 1n the display content
change unit 53 of the HMD 50, the display content change
unit 53 carries out projective transformation on the stereo-
scopic image 71 using the amount of adjustment, and displays
the 1mage after adjustment on the display 32.

Further, if necessary or desired, the viewing person can
adjust the display position (Step S3-4). More specifically, the
viewing person inputs a direction concerming the projective
transformation of the image being displayed on the display 52
using the mput interface 38. According to the direction, the
display content change unit 53 carries out projective transior-
mation on the image being displayed on the display 52. When
the position adjustment of the 1image 1s completed, that 1s, 1T
stereoscopic viewing 1s obtained, the viewing person inputs a
direction that the adjustment 1s completed to the input inter-
face 58 (Step S3-5). The control unit 51 of the HMD 30 stores
the amount of adjustment at the time of the completion of the
adjustment in the storage unmit (not illustrated) of the display
content change unit 33. In addition, the amount of tilt 1s
measured by the 2-dimensional code recognition unit 54 in
the meantime.

Therelative position (position and inclination) between the
paper 65 and the HMD 50 1s specified by measuring the
amount of t1lt, and based on the relative position (position and
inclination) of the HMD 50 to the paper 65 at the time of the
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completion of adjustment, wherein the distance between the
paper 65 and HMD 350 when the adjustment 1s completed 1s
made 1nto 1 (serves as the reference). Then, based on the
relative position (position and inclination) of the HMD 50 to
the paper 65 at the time of the completion of adjustment, the
display content change unit 33 of HMD 50 automatically
adjusts the display position, and the like, of the image (Step
53-6). In this way, hencelorth, the viewing person can view a
stereoscopic 1mage without having to adjust the display posi-
tion, and the like.

According to an embodiment of the invention, the follow-
ing effects are obtained i addition to one or more of the
elfects described above.

(6) The HMD 30 displays the virtual image that 1s gener-
ated by adding the real image and the 2-dimensional code 67
that contains the data representing differences from the ste-
reoscopic 1mage 66 on the paper 65 photographed with the
video camera 39, 1.e., the differences between the images for
the right and left eyes. In this way, the data for showing the
virtual image 1s not beforehand required, but the virtual image

can be generated using the photographed image.

(7) The 2-dimensional code 67 includes the coded data
about the differences between the images viewed by the two
eyes, and the coded data about the relative position and rela-
tive size of the 2-dimensional code 67 to the stereoscopic
image 66 shown as the real image. Accordingly, the informa-
tion about the relative position and relative size of the 2-di-
mensional code 67 to the stereoscopic image 66 shown as the
real image, and the difference data can be acquired from the
2-dimensional code 67. In this way, the image to be displayed
by the HMD 50 can be generated from the stereoscopic image
66 that 1s photographed, and the 2-dimensional code 67.

(8) The relative position of the HMD 50 to the paper 65 1s
determined by the 2-dimensional code 67, the video camera
59, and the relative position measuring unit 56. In this way,
the virtual image can be displayed using the determined rela-
tive position.

(9) The relative position can be determined using the image
that 1s photographed with the video camera 39 of the HMD
50.

(10) The projective transiformation based on the deter-
mined relative position 1s carried out on the display data of the
image shown by the HMD 50. In this way, the image (virtual
image) displayed on the HMD 50 1s adjusted according to the
relative position between the paper 65 and the HMD 50.

(11) By an operation of the viewing person, the projective
transformation can be carried out on the display data of the
image (the second view 1image) on which the projective trans-
formation based on the relative position has been carried out,
the viewing person selecting a state of the display data. In this
way, the virtual image displayed on the HMD 50 can be
adjusted by the operation of the viewing person according to
an individual difference, such as an angle, due to a personal
physical feature.

(12) The projective transformation 1s carried out on the
display data of the image (the second view 1mage) displayed
on the HMD 50 based on the information (the amount of
adjustment) according to the viewing person’s selection, and
based on the relative position. That 1s, the projective transior-
mation 1s carried out considering the individual difference,
such as the congestion angle, due to the personal physical
teature, and the relative position. At the same time, the image
(the second view 1mage) displayed on the HMD 30 can be
automatically adjusted to agree with the stereoscopic image
66 (real image) on the paper 63 such that stereoscopic view-
ing 1s possible according to the relative position.
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(13) The 2-dimensional code 67 includes the information
about the relative position and relative si1ze of the stereoscopic

image 66 and the 2-dimensional code 67 that i1s provided on
the paper 65 with the stereoscopic image 66. Accordingly, the
position and size of the stereoscopic 1image 66 can be deter-
mined by reading the information included 1n the 2-dimen-
sional code 67.

Third Embodiment

Hereafter, a third embodiment that realizes one or more
aspects of the present invention 1s described with reference to
FIGS. 12 through 14. Descriptions follow about an image
display system, an 1image display method, a coding method,
and a printed matter 85 for stereoscopic viewing according to
the third embodiment, wherein the viewing person can per-
ceive the external world with one of the two eyes. With this
embodiment, a first view 1mage and a 2-dimensional code are
printed on the printed matter 83 (typically, paper 85), wherein
the 2-dimensional code 1s for generating a second view 1image
to be displayed on a single eye head mount display HMD 30
such that a part of the image 1s stereoscopically shown in a
different depth position (i.e., 3-dimensionally with an eleva-
tion) using parallax. More specifically, the first view 1mage on
the printed matter 85 1s viewed with one eye of the viewing
person, and the second view 1mage displayed on the display
52 of the HMD 50 1s viewed by the other eye. Then, the part
of the image 1s stereoscopically viewed with the different
depth position. In other words, the part 1s seen with uneven-
ness (an elevation). The printed matter for stereoscopic view-
Ing serves as a real image presentation unit, and the single eye
head mount display HMD 350 serves as a virtual image pre-
sentation unit. According to the third embodiment, a map 1s
used as the 1mage, a part of which 1s made visible with the
different depth position (i.e., with an elevation); however, this
1s for example only, and the present invention can be applied
to other objects.

First, the printed matter 83 1s prepared as follows (refer to
FIG. 13). The computer executes a second printed matter
generating program for determining contents of the 2-dimen-
sional code, the position of the selected image, the position of
the portion of the image for sterecoscopic display, and the
position of the 2-dimensional code.

An exemplary process of preparing the printed matter 85 1s
described with reference to FIG. 12.

The second printed matter generating program 1s started at
the computer, and then the viewing person specifies an image
wherein an elevation 1s made to be visible (Step S4-1). Here,
it 1s assumed that a map 1mage shown in a stereoscopic image
area 81 shown 1n FIG. 13 1s specified. Next, a position of the
image 1n the printing area is specified (Step S4-2). That 1s, the
stereoscopic image area 81 1s specified. Next, a position of the
2-dimensional code 1s specified (Step S4-3). That 1s, the view-
ing person specifies a 2-dimensional code area 82.

Next, the 2-dimensional code 1s generated (Step S4-4) as
follows.

First, the viewing person specifies the position and size of
the part that 1s to be stereoscopically shown 1n the stereo-
scopic 1mage area 81. More specifically, according to the
system of coordinates given 1n an upper part of FIG. 13, for
example, a coordinate (8, 1) and a size 2 are iput; a coordi-
nate (8, 11) and a size 2 are mput; and an appending message,
¢.g., “‘convenience stores”, 1s input.

Then, the computer computes a ratio of lengths of the sides
of the 2-dimensional code area 82 and the stereoscopic image
area 81. In this example, the vertical length and the horizontal
length of the stereoscopic image area 81 are 12 times as long
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as the vertical length and the horizontal length, respectively,
of the 2-dimensional code area 82. Next, the relative position
between the stereoscopic image arca 81 and the 2-dimen-
sional code area 82 1s determined. More specifically, the
relative position between the lower right corner of the stereo-
scopic 1mage area 81 and the lower left corner of the 2-di-
mensional code area 82, as indicated by an arrow of a dotted
line 1n FIG. 13, 1s measured. In this example, the relative
position can be expressed by (10, 2), wherein the length of a
side of the 2-dimensional code area serves as the unit length.

The above information, namely, the ratios of the vertical
and horizontal lengths between the stereoscopic 1mage area
81 and the 2-dimensional code, the relative position, and
position codedata (8, 1, 2, 8, 11, 2, convenience store) that are
input by the viewing person are appended. As a result, the
2-dimensional code including (12, 12, 10, 2,8, 1, 2, 8, 11, 2,
convenience store) 1s generated. The 2-dimensional code 1s
made 1nto the 2-dimensional code 1image, and the image 1s
transposed to the 2-dimensional code area 82. Here, 11 a great
number of data elements have to be coded due to, e.g., the size
of difference image being large and gradation of the image
being required, data compression by the Huffman coding or
the box coding (2-dimensional coding) of Longsalt Systems
may be used.

If necessary or desired, the printing area 1s edited (Step
S4-5). When a printing direction 1s 1ssued, an image similar to
the printing area 80 1s printed by a printing machine, and the
paper 85 1s output. Here, the paper 85 as shown 1n FIG. 13 1s
printed. In the paper 85, a map image 86, a 2-dimensional
code 87, and characters that may have been edited as desired,
¢.g., “convenience stores” are arranged.

Next, stereoscopic viewing using the paper 83 1s described.
Where the structure of the system according to the third
embodiment 1s the same as the second embodiment, descrip-
tions are not repeated.

Herealter, an exemplary process of stereoscopic viewing 1s
described with reference to FIG. 14.

First, the viewing person wears the HMD 50 as shown in
FIG. 2 as in the first and the second embodiments above.
Here, 1t1s assumed that he/she wears the HMD 50 for the right
eye, which fact 1s input to the input interface 58. The control
unit 31 of the HMD 50 stores data indicating that the viewing
person wears the HMD 30 for the “night” eye 1n the storage
unit (not 1llustrated) of the control unit 51. Then, the viewing
person views the paper 85; and the map image 86 and the
2-dimensional code 87 printed on the paper 85 are photo-
graphed by the video camera 59 (Step S5-1). Then, the 2-di-
mensional code recognition unit 54 of HMD 50 recognizes
the photographed video 1image (Step S5-2) 1n the same way as
in the second embodiment. In this way, according to the
example, a restoration result (12, 12, 10, 2, 8, 1, 2, 8, 11, 2,
convenience store) 1s obtained from the 2-dimensional code
87. In addition, 11 one of or both the recognition of the 2-di-
mensional code 87 and photographing of the video 1mage 1s
not properly performed (“NO” at Step S5-2), the process
returns to step S5-1.

When the 2-dimensional code 87 can be recognized and
photographing of the video 1mage are properly performed
(“YES” at Step S5-2), the stereoscopic image 1s restored
(Step S5-3). More specifically, the map 1image area 1s first
determined by the same method as determining the stereo-
scopic 1image area in the second embodiment. Then, a specific
partial move 1image 1s generated to (8, 1) and (8, 11) of the
determined map 1mage area, the specific partial move image
being an 1image having pixels shifted to the left by a prede-
termined quantity, for example, a magnitude of 2. Here, the
direction of moving the portion that is to be shown with the
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clevation using parallax 1s determined based on the data
stored as the wearing position. That 1s, 1n this example,

“right” has been stored as the wearing position; accordingly,
the 1mage 1s moved to the leit.

Then, projective transformation 1s carried out on the 1mage
to be displayed on the HMD 350 according to the relative
position between the paper 85 and the HMD 50. More spe-
cifically, four comers of the 2-dimensional code photo-
graphed with the video camera 59 are recognized, projective
transformation 1s carried out on the 2-dimensional code of the
t1lt compensation superposed 1mage 1in accordance with this,
and projective transformation 1s similarly carried out on the
generated specific partial move image. Then, the specific
partial move 1mage, on which projective transformation has
been carried out, 1s displayed on the display 52 of the HMD
50. Here, 11 an amount of adjustment at the time of the
completion of the adjustment (described below) 1s stored 1n
the storage unit (not 1llustrated) of the display content change
unit 53 of the HMD 50, the display content change unit 53 1s
turther adjusted by carrying out projective transformation on
the specific partial move 1mage using the amount of adjust-
ment at the time of the completion of the adjustment, and an
image after the adjustment 1s displayed on the display 52.

Ifnecessary or desired, display position adjustment may be
carried out by the viewing person (Step S5-4). When the
viewing person obtains a position that provides stereoscopic
viewing, a direction of completion of adjustment 1s iput to
the input interface 58 (Step S5-5). The control unit 51 of the
HMD 50 stores the amount of the adjustment at the time of the
completion of the adjustment in the storage unit (not 1llus-
trated) of the display content change unit 53. Here, an amount
of tilt 1s measured by the 2-dimensional code recognition unit
54 1n the meantime. By using the measured amount of tilt, the
relative position (the position and inclination) between the
paper 85 and the HMD 50 at the time of the completion of
adjustment 1s specified, wherein the relative distance between
the paper 85 and the HMD 50 at the time of the completion of
adjustment 1s made 1nto 1, serving as the reference value.
Then, based on the relative position (the position and incli-
nation) of HMD 50 at the time of the completion of adjust-
ment, the display content change unit 53 of the HMD 30
automatically adjusts the display position of an 1image (Step
S5-6). Here, the process of steps S3-4 through S5-6 1s per-
formed like the steps S3-4 through S3-6 of the second
embodiment.

According to an embodiment of the mnvention, the follow-
ing eflects are obtained in addition to one or more of the
elfects described above.

(14) The 2-dimensional code 87 includes information
about the position on the portion that 1s to be displayed with
clevation 1n the map 1mage 86 using parallax. Therein, the
map 1mage 86 and the 2-dimensional code 87 are photo-
graphed, and the position information on the portion that 1s to
be displayed with elevation using the parallax in the map
image 86 1s acquired from the 2-dimensional code 87. In this
way, the image to be displayed on the HMD 350 so that the part
of the map 1image 86 can be viewed with elevation using
parallax can be generated using the photographed image
without beforehand preparing the data of the image for dis-

playing on the HMD 50.

Fourth Embodiment

Hereafter, a fourth embodiment that realizes one or more

aspects of the present invention 1s described with reference to
FIGS. 15 through 17. In the following, an 1mage display
system and an 1image display method of tlexible stereoscopic
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viewing are described, wherein the viewing person can view
the external world with one of the two eyes. According to the
fourth embodiment, stereoscopic viewing is available at mul-
tiple points with a first view 1mage displayed on a multiaspect
stereo display 100 that shows different images according to
viewing positions, and a second view 1image displayed on the
display of a single eye head mount display HMD 90. That 1s,
the multiaspect stereo display constitutes a real 1mage pre-
sentation unit, and the single eye head mount display consti-
tutes a virtual image presentation unit.

As shown 1 FIG. 15, the single eye head mount display
HMD 90 includes a control unit 91, and a display 92 con-
nected to the control unit 91. The control unit 91 includes
CPU, RAM, and ROM (not illustrated), and executes a pro-
cess that 1s described below. The control unit 91 includes a
display content change unit 93, a relative position measuring
unit 94, and an 1image downloading unit 95, which function
according to a program for the process.

The display content change unit 93 adjusts an 1mage to be
displayed on the display 92 by carrying out projective trans-
formation on display data of the image. That 1s, the display
content change unit 93 functions as a display data deforma-
tion unit for carrying out projective transformation to the
display data of the image based on the relative position of the
HMD 90 and the multiaspect stereo display 100. Further, the
display content change unit 93 functions as a display data
status selection unit for carrying out projective transforma-
tion on the image displayed on the display 92 by an operation
of the viewing person, and prompting the viewing person to
choose the state of the display data. Further, the display con-
tent change unit 93 functions as a display data automatic
deformation unit for automatically carrying out projective
transformation on display data based on the amount of adjust-
ment by the viewing person’s selection, and the relative posi-
tion between the multiaspect stereo display 100 and the HMD
90.

The relative position measuring unit 94 determines the
relative position (relative relation about distance, direction,
and inclination) of the HMD 90 to the multiaspect stereo
display 100 by recerving an ultrasonic wave transmitted by
ultrasonic loudspeakers 102, 103, and 104 of the multiaspect
stereo display 100 with ultrasonic microphones 97 and 98

attached to the HMD 90. That 1s, the ultrasonic loudspeakers
102,103, and 104, the ultrasonic microphones 97 and 98, and
the relative position measuring unit 94 function as a relative
position specification unit.

The 1image downloading unit 95 downloads an 1mage to be
displayed on the HMD 90 from the multiaspect stereo display
100.

The display 92 displays information processed and output
by the control unit 91.

Further, the ultrasonic microphones 97 and 98 attached to
the HMD 90 are connected to the control unit 91. The ultra-
sonic microphones 97 and 98 receive ultrasonic waves trans-
mitted by the ultrasonic loudspeakers 102,103, and 104 of the
multiaspect stereo display 100.

Further, the control unit 91 1s connected to an input inter-
face 96. The mput interface 96 includes a pointing device,
such as a mouse, for adjusting an 1mage displayed on the
display 92.

Here, the HMD 90 may be connected to the multiaspect
stereo display 100 by a cable or radio. The multiaspect stereo
display 100 includes a control unit 101 that1s connected to the
control umt 101, the ultrasonic loudspeakers 102, 103, and

104, the display 105, and an image folder 106.
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The control unit 101 includes CPU, RAM, ROM, and a
hard disk, which are not illustrated, and perform a process as
described below.

The ultrasonic loudspeakers 102, 103, and 104 generate
ultrasonic waves having different wavelengths. The ultra-
sonic loudspeaker 102 1s located at a lower left corner of the
front unit of the multiaspect stereo display 100 as shown 1n
FIG. 16. The ultrasonic loudspeaker 103 1s located at an upper
left corner of the front unit of the multiaspect stereo display
100, and 1s located on the vertical line of the ultrasonic loud-
speaker 102. The ultrasonic loudspeaker 104 1s located at a
lower right corner of the front unit of the multiaspect stereo
display 100, and 1s located on the horizontal line of the ultra-
sonic loudspeaker 102.

The display 105 displays an 1mage stored in the image
folder 106. The 1image displayed by the display 105 of the
multiaspect stereo display 100 1s differently viewed by dii-
ferent positions of viewing persons. For example, as shown in
FIG. 16, a first viewing person 1n a position A sees an 1image
al; a second viewing person in a position B sees an image b1 ;
and a third viewing person 1n a position C sees an 1image c1.
Further, the HMD 90 of the first viewing person shows an
image a2; the HMD 90 of the second viewing person shows an
image b2; and the HMD 90 of the third viewing person shows
an 1mage c2. Here, the images al and a2 constitute a stereo-
scopic 1mage pair; the images b1l and b2 constitute a stereo-
scopic 1mage pair; and the images ¢l and ¢2 constitute a
stereoscopic 1image pair. In this way, the viewing persons can
see a 3-dimensional moving picture even though they are
located at the different positions. More specifically, for
example, 1n the case of the first viewing person, the image al
displayed on the display 105 1s viewed by one eye, and the
image a2 displayed on the display 92 of the HMD 90 is
viewed by the other eye. In addition, these images are stored
in the image folder 106 of the multiaspect stereo display 100,
taking a synchronization.

As 1n the first through the third embodiments, the viewing
person wears the HMD 90 such that the display 92 can be
viewed with one eye, and the multiaspect stereo display 100
1s seen 1n this state with the other eve.

The process of viewing the 3-dimensional moving picture
using the image display system constituted as described
above 1s described with reference to FI1G. 17.

First, the viewing person wears the HMD 90. The ultra-
sonic microphones 97 and 98 of the HMD 90 receive the
ultrasonic waves of different frequencies transmitted by the
ultrasonic loudspeakers 102, 103, and 104 of the multiaspect
stereo display 100. Based on the received ultrasonic waves,
the relative position measuring unit 94 acquires the relative
position between the HMD 90 and each of the ultrasonic
loudspeakers 102, 103, and 104 (Step S6-1).

Then, the HMD 90 downloads an image (Step S6-2). More
specifically, HMD 90 first transmits data about the acquired
relative position to the multiaspect stereo display 100. The
multiaspect stereo display 100 distinguishes whether the
position of the HMD 90 1s 1n the position A, the position B, or
the position C based on the relative position between the
HMD 90 and each of the ultrasonic loudspeakers 102, 103,
and 104. Then, a stereoscopic image 1n sync with the image
that 1s displayed on the display 105 and can be viewed at the
distinguished position 1s transmitted to the HMD 90 frame by
frame. For example, 11 the viewing person 1s in the position A,
he/she views the 1image al on the multiaspect stereo display
100; accordingly, the multiaspect stereo display 100 continu-
ously transmits frames of the image a2 that 1s 1n sync with the
image al and constitutes the stereoscopic image pair with the
image al to the HMD 90 such that the image a2 1s displayed
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on the display 92. In addition, the relative position 1s deter-
mined, and when the viewing person moves, ¢.g., to the
position B from the position A, the multiaspect stereo display
100 changes the 1image to be transmitted from the image a2 to
the 1mage b2.

The HMD 90 determines the relative position (relation of
distance, direction, and inclination) between the multiaspect
stereo display 100 and the HMD 90 based on the ultrasonic
waves received from the ultrasonic loudspeakers 102, 103,
and 104, and carries out projective transformation on the
image recerved based on this. Then, the image on which the
projective transformation has been carried out 1s displayed on
the display 92 of the HMD 90. Here, when the amount of
adjustment at the time of the completion of adjustment as
described below 1s stored 1n a storage unit (not illustrated) of
the display content change unit 93 of the HMD 90, the display
content change unit 93 may further carry out projective trans-
formation on the 1mage using the amount of adjustment at the
time of the completion of adjustment, and such adjusted
image 1s displayed on the display 92.

Further, 11 necessary or desired, the viewing person may
adjust the display position (Step S6-3). More specifically, the
viewing person inputs directions of projective transformation
about the 1image being displayed on the display 92 using the
input interface 96. Then, the display content change unit 93
carries out projective transformation on the image displayed
on the display 92 according to the directions. Further, the
viewing person mputs directions of the completion of adjust-
ment to the input interface 96, if the 1mage 1s 1n the position
that gives stereoscopic viewing (Step S6-4). The control unit
91 of the HMD 90 stores the amount of adjustment at the time
of the completion of adjustment 1n the storage (not 1llustrated)
of the display content change umt 93.

Afterward, the relative position (the position and inclina-
tion) between the multiaspect stereo display 100 and the
HMD 90 1s determined with reference to the relative position
of the HMD 90 at time of the completion of the adjustment,
the reference relative position being normalized as 1.

Then, based on the relative position (the position and incli-
nation) of the HMD 90 at the time of the completion of
adjustment, the display content change unit 93 of the HMD 90
automatically adjusts the display position of the image (Step
S6-5). In this way, the viewing person henceforth can see a
stereoscopic 1image without having to adjust the display posi-
tion, and the like.

According to an embodiment of the present invention, the
tollowing effects are obtained 1n addition to one or more of
the effects described above.

(15) The relative position between the HMD 90 and the
multiaspect stereo display 100 1s determined by the ultrasonic
loudspeakers 102, 103, and 104, the ultrasonic microphones
97 and 98, and the relative position measuring unit 94. In this
manner, a virtual image can be shown using the determined
relative position.

(16) The multiaspect stereo display 100 presents two or
more 1mages (such as the images al, b1, and cl) correspond-
ing to the positions of the viewing persons as a real image, and
the HMD 90 presents the virtual image (such as the images a2,
b2, and ¢2) corresponding to the real image shown on the
multiaspect stereo display 100. In this way, simultaneous
stereoscopic viewing 1s made possible at the different posi-
tions using the different real images and different virtual
images according to the positions. For example, 11 two or
more 1mages (such as the images al, b1, and c1) displayed on
the multiaspect stereo display 100 are of the same object from
different directions, stereoscopic viewing can be provided to
two or more viewing persons located 1n different positions.
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Further, when using two or more 1images (such as the 1images
al, b1, and c1) that are of the same object from different

directions, stereoscopic viewing can be provided even 1f a

viewing person moves, e.g., to the position B from the posi-
tion A.

Fifth Embodiment

Hereafter, a fifth embodiment that realizes one or more
aspects of the present invention 1s described with reference to
FIGS. 18 through 21. An 1mage display system and an image
display method for providing flexible stereoscopic viewing
are described, wherein one of the two eyes 1s available for
seeing the external world. According to the fifth embodiment,
stereoscopic viewing 1s provided by a first view 1mage on a
display 120 for displaying a different image according to a
viewing position, and a second view 1mage displayed on a
display 112 of a single eye head mount display HMD 110.
That 1s, the display constitutes a real image presentation unit
and the single eye head mount display constitutes a virtual
image presentation unit. Here, the description 1s made for the
case wherein the single eye head mount display HMD 110 1s
worn for the left eye.

The single eye head mount display HMD 110 includes a
control unit 111 that 1s connected to the display 112 as shown
in FIG. 18. The control unit 111 includes CPU, RAM, and
ROM (not 1illustrated), and performs a process that 1is
described below.

The control unit 111 i1ncludes a virtual right eye position
moving unit 113, and an image downloading umt 114 that
carry out the process according to a program.

The virtual right eye position moving unit 113 carries out a
parallel movement of the position of a virtual right eye 132
(refer to FIG. 21).

The 1mage downloading unit 114 downloads a virtual
HMD mmage to be displayed on the HMD 110 from the
display 120.

The display 112 displays information that is processed and
output by the control unit 111.

Further, ultrasonic loudspeakers 117, and 118 are mounted
on the HMD 110, and are connected to the control unit 111.
The ultrasonic loudspeakers 117, and 118 generate ultrasonic
waves ol different wavelengths. When wearing the HMD 110,
the viewing person makes a direction of a visual line of the left
eye that wears the HMD 110 to be perpendicular to a line
constituted by the ultrasonic loudspeaker 117 and the ultra-
sonic loudspeaker 118; and a line constituted by the left eye
and right eye of the viewing person to be parallel with the line
constituted by the ultrasonic loudspeaker 117 and the ultra-
sonic loudspeaker 118.

Further, an input interface 116 1s connected to the control
unit 111. The mput interface 116 includes a pointing device,

such as a mouse, for adjusting an 1image being displayed on
the display 112.

Here, the HMD 110 may be connected to the display 120
by a cable or radio. The display 120 includes a control unit
121 that 1s connected to ultrasonic microphones 122, 123,

124, a display unit 125, and a 3-dimensional data storing unit
126.

The control unit 121 includes CPU, RAM, ROM, and a
hard disk (not 1llustrated) for carrying out a process that 1s
described below. The control unit 121 includes a relative
position measuring unmit 127, and a display image generation
unmit 128 that carry out the process by a program.

The relative position measuring unit 127 determines the
relative position (distance, direction, and inclination) of the
HMD 110 to the display 120 by the ultrasonic microphones

-
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122, 123, and 124 recetving the ultrasonic waves transmitted
by the ultrasonic loudspeakers 117, and 118. That 1s, the
ultrasonic loudspeakers 117, and 118, the ultrasonic micro-
phones 122,123, and 124, and the relative position measuring,
unit 127 function as a relative position specification.

The display 1mage generation unit 128 generates a virtual
HMD mmage, and a virtual display image to be displayed on
the display 112, and the display unit 125, respectively, from
the 3-dimensional data stored in the 3-dimensional data stor-
ing unit 126 and based on the relative position information
acquired by the relative position measuring unit 127.

The ultrasonic microphones 122, 123, and 124 are for
receiving ultrasonic waves, and receive the ultrasonic waves
transmitted by the ultrasonic loudspeakers 117, and 118 of the
HMD 110 according to the present embodiment. The ultra-
sonic microphone 122 1s located at a lower left corner of the
front unit of the display 120 as shown FIG. 19. The ultrasonic
microphone 123 is located at an upper leit corner of the front
unit of the display 120, and 1s located on the vertical line of the
ultrasonic microphone 122. The ultrasonic microphone 124 1s
located at a lower right corner of the front unit of the display
120, and 1s located on the horizontal line of the ultrasonic
microphone 122.

The display unit 125 displays the virtual display image
generated by the display image generation unit 128.

The 3-dimensional data storing unit 126 stores the 3-di-
mensional data for generating the 1mages to be displayed on
the display 112 and the display unit 125. Here, according to
the present embodiment, the 3-dimensional data are before-
hand stored in the 3-dimensional data storing unit 126,
wherein operations such as storing and exchanging of 3-di-
mensional data stored 1n the 3-dimensional data storing unit
126 may be performed by an interface (not 1llustrated). Fur-
ther, as the 3-dimensional data, data generated by general
3-dimensional description languages, such as VRML, are
used.

In the same way as 1n the first through the fourth embodi-
ments, the viewing person wears the HMD 110 so that the
display 112 1s located in front of one of the eyes, the other eye
viewing the display 120.

An exemplary process of stereoscopic viewing a 3-dimen-
sional image using the image display system 1s described with
reference to FI1G. 20.

First, the viewing person wears the HMD 110 as described
above. The ultrasonic microphones 122, 123, and 124
attached to the display 120 receive the ultrasonic waves of
different frequencies transmitted by the ultrasonic loudspeak-
ers 117, and 118 attached to the HMD 110. Based on this, the
relative position measuring unit 127 computes the relative
position of the HMD 110 from a reference point (Step S7-1).
Here, a center position of the screen of the display unit 125 of
the display 120 1s made into the reference point according to
the present embodiment.

Then, the HMD 110 downloads the virtual HMD image
generated by the display image generation unit 128 of the
display 120, and displays it on the display 112 (Step S7-2). On
the other hand, the display 120 synchronously displays the
virtual display image generated by the display image genera-
tion unit 128 on the display umt 125.

In the following, a process of generating the virtual display
image and the virtual HMD 1mage by the display image
generation unit 128 1s described referring to FIG. 21. The
display image generation unit 128 arranges a virtual 3-dimen-
sional object by 3-dimensional data, a virtual left eye 131, and
a virtual right eye 132 1n a virtual space (refer to (b) of FIG.
21), and generates the virtual display image and the virtual
HMD image based on relative positions between these items.
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By this process, the virtual 3-dimensional object based on the
3-dimensional data 1s arranged at a position corresponding to
the display 120 1n the actual space, and images to be viewed
by each of the eyes are acquired.

<(Generating the Virtual Space>

As shown 1n a lower half of FIG. 21 (1.e., at (b)), a virtual
display 130, the virtual left eye 131, the virtual right eye 132,
and a virtual HMD display 133 are arranged in the virtual
space; and the virtual 3-dimensional object by the 3-dimen-
sional data 1s arranged 1nside the virtual display 130 (on the
side opposite to the virtual left eye 131). Here, the items
describe above correspond to the items arranged 1n the actual
space that 1s shown 1n an upper half of FIG. 21 (1.e., at (a)).
More specifically, this 1s carried out as follows. Here, 1t 1s
assumed that the HMD 110 1s worn for the lett eye.

Here, a rectangular coordinate system 1s used as the coor-
dinate system of the actual space, and the upper right corner
indicated by “0” at (a) of FIG. 21 1s made into the point of
origin; and a rectangular coordinate system 1s used as the
coordinate system of the virtual space are made 1nto a rect-
angular coordinate system, and the upper right corner 1ndi-
cated by “0” at (b) of FIG. 21 1s made into the point of origin.
Then, an absolute coordinate X1 where the display unit 125 1s
present 1n the actual space 1s computed, and the virtual dis-
play 130 1s arranged to the absolute coordinate X1 in the
virtual space.

Next, an absolute coordinate X2 of the HMD 110 1s com-
puted using the relative position acquired by the relative
position measuring unit 127. Then, the virtual left eye 131 1s
arranged to the absolute coordinate X2 in the virtual space.
Thus, the absolute coordinate X2 of the HMD 110 1n the
actual space differs from an absolute coordinate of the left
eye. For this reason, if a highly precise arrangement of the
virtual left eye 1s desired, a difference between a coordinate of
the left eye and the HMD 110 when wearing the HMD 110
may be beforehand measured, and applied to the absolute
coordinate X2; further, a coordinate difference predeter-
mined with reference to a sample person may be used.

Next, an absolute coordinate of the virtual right eye 1s
computed, and the virtual right eye 132 1s arranged. The
absolute coordinate of the virtual right eye 1s computed based
on the absolute coordinate of the virtual left eye 131, amounts
of rotations of the virtual left eye 131 1n three directions,
namely, pan, tilt, and roll, computed by the relative position
measuring unit 127, and a relative vector of the right eye.
Here, an 1imitial value of the relative right eye position vector
1s set at a vector length of 60 mm (the standard length between
aperson’s eyes), and a vector direction being perpendicular to
the line of sight, and parallel with a straight line between the
ultrasonic loudspeaker 117 and the ultrasonic loudspeaker
118. Further, the vector length and the vector direction of the
relative right eye position vector can be adjusted at Step S7-3
where the display position 1s adjusted.

Then, an absolute coordinate X3 of a position of the virtual
image displayed by the display 112 1s computed, and a virtual
HMD display 133 1s arranged at the absolute coordinate X3 of
the virtual space.

Arrangement of the 3-dimensional data 1s performed as
follows.

First, a cube 1s prepared, one side of which cube 1s equal to
a vertical length of the display unit 125. Then, the cube 1s
arranged such that the center of gravity of a virtual 3-dimen-
sional object expressed by the 3-dimensional data may come
to the center of the cube. Then, the virtual 3-dimensional
object 1s expanded or reduced such that the virtual 3-dimen-
sional object may be inscribed in the cube, that 1s, normalized.
During this process, the center of gravity of the virtual 3-di-
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mensional object 1s maintained at the center of the cube.
Then, the virtual 3-dimensional object 1s arranged i1n the
virtual space so that a surface of the cube may be in agreement
with the virtual display 130. Here, 1t should be noted that the
cube 1s used only for normalizing the virtual 3-dimensional
object, and 1s present 1n the virtual space.

<Generating the Virtual HMD Image and the Virtual Dis-
play Image>

A virtual camera 1s arranged 1n the virtual space, and vir-
tually takes an image of the virtual 3-dimensional object
expressed by the 3-dimensional data, wherein the virtual
HMD display 133 serves as an image-taking plane, and the
virtual left eye 131 serves as a focal point. An 1image photo-
graphed with the virtual camera 1s made into the virtual HMD
1mage.

Similarly, a virtual camera 1s arranged 1n the virtual space,
and virtually takes an 1mage of the virtual 3-dimensional
object expressed by the 3-dimensional data, wherein the vir-
tual display 130 serves as the image-taking plane, and the
virtual right eye serves as the focal point. An 1image photo-
graphed with the virtual camera 1s made into the virtual dis-
play image.

The virtual HMD 1mage and the virtual display image are
generated as described above.

As required, a display position adjustment may be carried
out by the viewing person (Step S7-3). More specifically, the
viewing person mputs a direction to adjust the position of the
image 1n the display 112 using the nput mterface 116. In
response to the direction, the virtual right eye position mov-
ing umt 113 changes the relative right eye position vector.
When a position that provides stereoscopic viewing of the
image shown by the display 112 i1s obtained, the viewing
person inputs a direction of completion of the adjustment to
the mput interface 116 to end the adjustment (Step S7-4). The
control unit 111 of the HMD 110 provides the relative right
eye position vector that has been adjusted to the display 120,
while storing the relative right eye position vector in a storage
unit (not illustrated) of the virtual right eye position moving,
unit 113. The display 120 stores the relative right eye position
vector 1n a storage unit (not illustrated) of the display image
generation unit 128. Henceforth, the relative right eye posi-
tion vector 1s used for calculation of the absolute coordinate
of the virtual nght eye 132.

Hencetorth, the relative position 1s consecutively mea-
sured; when the relative position 1s changed, generation and
displaying of a display image 1s automatically repeated; when
a rotation direction of a 3-dimensional 1image is input, accord-
ing to the rotation direction, the virtual 3-dimensional object
1s rotated, and generation and displaying of the display image
1s repeated (Step S7-5). More specifically, 1t 1s carried out as
follows.

The relative position measuring unit 127 of the display 120
continuously measures the relative position between the
HMD 110 and the display 120; whenever there 1s a change 1n
the relative position, the Vlrtual HMD image and the virtual
display image are generated based on the relative position and
the relative right eye position vector at the time of the comple-
tion of adjustment; and displaying on the display 112 and the
display unit 125 1s repeated.

Further, the viewing person 1s able to direct a rotational
movement of the virtual 3-dimensional object around the
center of gravity using the input interface 116, when viewing,
¢.g., the back side of the virtual 3-dimensional object. When
the direction 1s recerved, the display image generation unit
128 of the display 120 carries out the rotational movement of
the virtual 3-dimensional object around the center of gravity
of the virtual 3-dimensional object 1n the virtual space based
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on the direction of the rotational movement recerved from the
HMD 110. Then, using the relative right eye position vector at
the time of the completion of adjustment and the relative
position, the virtual HMD image and the virtual display
image are repeatedly generated and displayed on the display
112 and the display unit 125, respectively, as described above.

Here, the present embodiment 1s described about the dis-
play unit 125 of the display 120 being flat; however, 1t does
not have to be tlat. The surface of the display unit may be of,
for example, a curved surface such as a spherical surface.

According to an embodiment of the mnvention, the follow-
ing eflects are obtained in addition to one or more of the
clfects described above.

(17) The relative position between the HMD 110 and the
display 120 1s determined by the ultrasonic loudspeakers 117,
and 118, the ultrasonic microphones 122, 123, and 124, and
the relative position measuring unit 127. The virtual HMD
image and the virtual display image are generated based on
the relative position. In this way, the virtual HMD image
(virtual image) and the virtual display image (real image) are
displayed according to the relative position. Accordingly,
when the viewing person moves and the relative position
between the HMD 110 and the display 120 1s gradually
changed, stereoscopic viewing 1s kept available by gradually
changing the virtual display image (real image) displayed on
the display 120, and the virtual HMD 1mage (virtual image)
displayed on the HMD 110. For this reason, a more real
3-dimensional 1mage 1s provided to the viewing person. Fur-
ther, since the display image generation unit 128 of the dis-
play 120 generates the display image (the virtual HMD
image, and the virtual display 1image), the processing load of
the HMD 110 1s mitigated.

(18) The virtual HMD 1mage and the virtual display image
are generated based on the 3-dimensional data. For this rea-
son, the 3-dimensional object expressed by the 3-dimensional
data can be viewed from any desired direction, for example,
the back side of the object can be viewed by giving the
direction to rotationally move the image.

The embodiments described above may be modified 1n
various ways, and examples ol modifications are described in
the following.

According to the first through the second embodiments, the
information 1s coded into the corresponding 2-dimensional
codes 42, 67, and 87. Here, the information includes 1denti-
fication information, difference information, and information
about the position of the part that 1s shown with an elevation
using parallax, and 1s used by the HMD 20 and 50 for acquir-
ing an 1mage to be displayed on the HMD 20 and 50. It does
not have to be the 2-dimensional code, but the identification
information may be recorded on RFID, the information on
RFID may be read by an RFID reader, and the image to be
displayed on the HMD may be acquired based on this infor-
mation. Further, the difference information and the informa-
tion about the position may be recorded on RFID, and the
information may be used. In this case, a reference 1tem for
determining the position of the 1image on the paper, and for
compensating for tilt may be separately prepared, an example
of the reference item being a 2-dimensional code including
the information about the relative position of the image, and
relative size.

According to the first through the third embodiments, the
printed matter for stereoscopic viewing carries applicable one
of the stereoscopic image 41, 66, and the map 1mage 86, 1n
addition to the corresponding 2-dimensional codes 42, 67,
and 87. Nevertheless, the applicable 1mage and 2-dimen-
sional code may be displayed on a display. Further, an image
to be shown as a real image and a corresponding 2-dimen-
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sional code may be separately presented for stereoscopic
viewing, the image and the corresponding 2-dimensional
code being simultaneously used.

According to the third embodiment, the printed matter for
stereoscopic viewing carries the map 1mage 86 and the 2-di-
mensional code 87. Nevertheless, the number of the 2-dimen-
sional codes 1s not limited to one, but may be two or greater
such that 2-dimensional codes containing different elevation
data are available for one real image. In this way, the portion
to be shown with elevation can be changed.

According to the third embodiment, the display 52 of the
HMD 50 shows an image wherein pixel information of an
area size 2 1s moved to the map 1mage area (8, 1), and pixel
information of an area size 2 1s moved to (8, 11). Neverthe-
less, only characters 1n a specified area can be shown with
clevation (3-dimensions). In this case, an 1mage wherein the
characters 1n the specified area (“convenience store” 1n the
case of the example above) are moved to etther right or left 1s
displayed on the display 52 of the HMD 50.

According to the fourth embodiment, stereoscopic viewing
1s of a moving 1mage, however, the present invention can be
realized for stereoscopic viewing of a still image.

Further, the present invention 1s not limited to these
embodiments, but variations and modifications may be made
without departing from the scope of the present invention.

The present application 1s based on Japanese Priority
Application No. 2005-240235 filed on Aug. 22, 2005 with the
Japanese Patent Oflice, the entire contents of which are
hereby incorporated by reference.

What 1s claimed 1s:

1. An 1mage display system for stereoscopic viewing a
stereoscopic 1mage, comprising:

a real 1image presentation umt configured to show a first
view 1mage ol the stereoscopic 1mage as a real 1image;
and

a virtual 1mage presentation unit configured to show a
second view 1mage of the stereoscopic 1image as a virtual
image, wherein

the first view 1mage 1s viewable by one eye of a viewing
person, and the second view 1mage 1s viewable by the
other eye of the viewing person, which the first view
image and the second view i1mage together form the
stereoscopic 1mage,

the virtual image presentation unit includes an 1image pick-
up umt that 1s configured to take an 1mage of a code
image that indicates an address of the second view
image, and

the virtual 1mage presentation unit 1s configured to show
the second view 1mage, serving as the virtual image,
stored at the address indicated by the code 1image pho-
tographed by the image pick-up unait.

2. Theimage display system as claimed 1n claim 1, wherein

the real 1mage presentation unit 1s a printed matter.

3. Theimage display system as claimed in claim 1, wherein
the real 1image presentation unit 1s a display unit.

4. The image display system as claimed in claim 1, wherein
the virtual image presentation unit is configured to display the
second view 1mage, serving as the virtual image, based on an
image photographed by the image pick-up unit.

5. An 1mage display system for stereoscopic viewing a
stereoscopic 1mage, comprising;:

a real 1image presentation umt configured to show a first
view 1mage ol the stereoscopic 1mage as a real 1image;
and

a virtual 1mage presentation unit configured to show a
second view 1mage of the stereoscopic 1image as a virtual
image, wherein
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the first view 1mage 1s viewable by one eye of a viewing
person, and the second view 1mage 1s viewable by the
other eye of the viewing person, which the first view
image and the second view i1mage together form the
stereoscopic 1mage, and

the virtual image presentation unit includes an 1mage pick-
up unit that 1s configured to take an image of the first
view 1mage and a code image, the code 1mage containing
data representing differences between the first view
image and the second view 1mage, and

the virtual image presentation unit 1s configured to gener-
ate the second view 1image based on the first view 1image
and the code 1image that are photographed by the image
pick-up unit, and to show the second view image as the
virtual 1mage.

6. An 1image display system for sterecoscopic viewing a

stereoscopic 1mage, comprising;:

a real 1mage presentation unit configured to show a first
view 1mage ol the stereoscopic 1mage as a real 1mage;
and

a virtual 1image presentation umt configured to show a
second view 1mage of the stereoscopic image as a virtual
image, wherein

the first view 1mage 1s viewable by one eye of a viewing
person, and the second view image 1s viewable by the
other eye of the viewing person, which the first view
image and the second view i1mage together form the
stereoscopic 1mage,

the virtual image presentation unit includes an 1mage pick-
up unit that 1s configured to take an image of the first
view image and a code image, the code 1mage containing
coded data that include coded data of information nec-
essary for forming the second view 1mage based on the
first view 1mage, and

the virtual image presentation unit 1s configured to gener-
ate the second view 1image based on the first view image
and the code 1image that are photographed by the image
pick-up unit, and to show the second view 1image as the
virtual 1mage.

7. The image display system as claimed 1n claim 1, wherein

the real 1image presentation unit 1s configured to present
two or more first view 1mages corresponding to different
positions as the real image, and

the virtual 1mage presentation unit 1s configured to present
the second view 1mage, serving as the virtual 1mage,
corresponding to the first view 1mage shown by the real
image presentation unit.

8. The image display system as claimed in claim 1, wherein

the real image presentation unit 1s configured to present the
first view 1mage as the real image according to a position
relation between the virtual image presentation unit and
the real 1image presentation unit, and

the virtual image presentation unit 1s configured to present
the second view 1image as the virtual image correspond-
ing to the first view 1mage according to the position
relation between the virtual image presentation unit and
the real 1mage presentation unit.

9. The image display system as claimed 1n claim 1, wherein
the virtual 1image presentation unit 1s a head wearing type
single eye display unait.

10. The image display system as claimed in claim 1, further
comprising a relative position determining unit configured to
determine a relative position between the virtual image pre-
sentation unit and the real 1mage presentation unit.

11. The mmage display system as claimed i claim 10,
wherein the relative position determining unit includes the
image pick-up unit.
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12. The image display system as claimed in claim 1, further
comprising a display data transforming unit configured to
carry out projective transformation on display data of the
second view 1mage shown by the virtual image presentation
unit.

13. The image display system as claimed 1n claim 1, further
comprising a display data status selecting unit configured to
carry out projective transformation on display data of the
second view 1mage displayed by the virtual image presenta-
tion unit according to an operation of the viewing person, and
to allow the viewing person to select a state of the display
data.

14. The image display system as claimed in claim 13,
turther comprising a relative position determining unit con-
figured to determine a relative position between the virtual
image presentation unit and the real image presentation unit,
and a display data automatic transformation umt configured
to automatically carry out the projective transformation on
the display data of the second view image shown by the
virtual 1mage presentation unit based on information about
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the selection of the user by the display data status selecting
unit and based on the relative position.
15. An 1mage display method for stereoscopic viewing a
stereoscopic 1mage, comprising;:
showing, by a real image presentation unit, a first view
image of the stereoscopic image as a real 1mage,
showing, by a virtual image presentation unit, a second
view 1mage of the stereoscopic image as a virtual image,
the second view 1mage being based on the first view
image; and
generating a code 1image that contains coded information
about a relative position and relative size between the
code 1mage and the stereoscopic image, the code image
being appended to the stereoscopic image,
wherein the first view image, when viewed by one eye of a
viewing person, and the second view i1mage, when
viewed by the other eye of the viewing person, together
form the stereoscopic 1image.
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